EXCIMER LASER DEVICE AND GAS FOR EXCIMER LASER 



Background of the Invention 
1 • Field of the Invention 

The present invention relates to an excimer laser device 
in which gas for excimer laser is sealed in a chamber, pulse 
oscillation is carried out in the chamber to excite the gas 
for the excimer laser so to oscillate the pulsed laser, and 
gas for excimer laser, and more particularly to an excimer 
laser device which improves a burst phenomenon and a spiking 
phenomenon of a laser output by adding xenon gas, and gas for 
excimer laser. 

2 • Description of the Related Art 

Conventionally, a semiconductor exposure device provided 
with an excimer laser device as a light source alternately 
repeats the exposure and the movement of the stage to expose 
an IC chip on a semiconductor wafer to light, so that the 
excimer laser device performs a burst operation which repeats 
a continuous pulse oscillating operation for continuously 
oscillating a pulse of laser light for a predetermined number 
of times and a suspension of oscillation for suspending the 
pulse oscillation for a predetermined duration. 

Fig. 6(a) is a diagram showing a relation between energy 
and a burst number when the burst operation is performed by a 
conventional excimer laser device. It is seen that the burst 
operation of the excimer laser device has a characteristic 
(hereinafter called the burst characteristic) that energy is 



high al: first: and lowers gradually. 

Fig. 6(b) is a diagram showing a relation between a pulse 
and energy at each burst. It is seen that the continuous 
pulse oscillating operation has a characteristic (hereinafter 
called the spike characteristic) that energy is relatively 
high at the beginning and then pulse energy lowers gradually. 

Thus, when the existing excimer laser device is used to 
perform the burst operation, the burst characteristic and the 
spike characteristic are demonstrated generally. 

But, the occurrence of the burst characteristic in the 
laser output by the excimer laser device had a drawback of 
causing variations in an amount of light exposure due to 
variations in energy at each burst. 

There was also a drawback that when the spike 
characteristic was caused in the laser output, accuracy of the 
amount of light exposure was further lowered, so that it was 
necessary to make complex discharge voltage control • 

Specifically, the discharging voltage was conventionally 
changed for each pulse by lowering the discharging voltage 
(charging voltage) of the initial pulse of the continuous 
pulse oscillation in the burst mode and gradually increasing 
the following discharging voltage of the pulse, thereby 
preventing the initial energy increase due to the spiking 
phenomenon . Therefore, complex control of the discharging 
voltage was necessary. 

Thus, in performing the burst operation of the excimer 
laser device, it was a very significant issue to efficiently 
remedy the burst characteristic and the spike characteristic 



of the laser output. 

"Transmission Properties of Spark Preionization Radiation 
in Rare-Gas Halide Laser Gas Mixes" disclosed in "IEEE JOURNAL 
OF ELECTRONICS, VOL. 31, No. 12, December 1995, p2195-p2207" 
suggests a technology of adding xenon gas to neon gas alone. 
But, this conventional technology is a technology just to 
increase the spark preionization but not to remedy the burst 
characteristic and the spike characteristic of the excimer 
laser output. 



Summary of the Invention 

It is an object of the present invention to provide an 
excimer laser device, which can efficiently improve burst and 
spike characteristics of an excimer laser output in burst 
operation, and gas for excimer laser. 

In order to achieve the aforesaid object/ the aspect of 
the invention according to claim 1 relates yco an excimer laser 
device in which gas for excimer laser is/sealed in a chamber 
and pulse oscillation is carried out ip the chamber to excite 
the gas for excimer laser so to oscidlate pulsed laser, 
wherein a predetermined amount of /xenon gas in a predetermined 
concentration is supplied to ther gas for excimer laser in the 
chamber to lower burst and spiking phenomena caused in an 
excimer laser output. / 

Thus, the aspect accoording to claim 1 can readily improve 
the excimer laser output? and stabilize the output without 
involving complex control because the predetermined amount of 
xenon gas in the predetermined concentration is supplied to 
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the gas for excimer laser in the chamber to resolve the burst 
and spiking phenomena caused in the excimer laser output^ 

The aspect of the invention according to claim 2 ^relates 
to an excimer laser device which comprises: a xenon /gas 
cylinder in which the xenon gas to be supplied to /the chamber 
is sealed; sensing means for detecting a concentration of the 
xenon gas added to the gas for excimer laser ifn the chamber; 
and control means for controlling an amount /of the xenon gas 
supplied from the xenon gas cylinder to the chamber based on 
the concentration of the xenon gas deteoxed by the sensing 
means . 

Thus, the aspect according to cXaim 2 can readily improve 
the excimer laser output and stabilize the output by mounting 
the xenon gas cylinder, the detecting means and the control 
means to a conventional excimer/ laser device because the 
concentration of the xenon gas added to the gas for excimer 
laser in the chamber is det^x:ted, and the supply amount of the 
xenon gas sealed in the x^non gas cylinder to the chamber is 
controlled according to Jthe detected concentration of the 
xenon gas. 

The aspect of the invention according to claim 3 relates 
to gas for excimer leaser used for an excimer laser device 

/ 

which oscillates pulsed laser by exciting gas for excimer 
laser sealed in a/ chamber, wherein the gas for excimer laser 
contains at least a predetermined concentration of xenon gas. 

Thus, the/aspect according to claim 3 is configured to 
contain at least the predetermined concentration of xenon gas 
in addition /to halogen gas in the gas for excimer laser, so 



that the excimer laser outpu;fer can be readily improved and the 
output can be stabilized merely supplying the gas for 
excimer laser into the/chamber . 

The aspect of ^ne invention according to claim 4 relates 
to gas for excimeir laser which contains 200 ppm or below of 
the xenon gas. / 

Brief Description of the Drawings 

Fig. 1 is a block diagram showing a structure of an 
excimer laser device used in an embodiment of the invention; 

Figs. 2(a) and 2(b) are diagrams exemplifying burst and 
spike characteristics when gas for excimer laser with xenon 
gas added is used; 

Fig. 3 is a diagram showing a correlation between an 
amount of xenon gas added to gas for excimer laser filled in 
the chamber shown in Fig. 1 and an energy value of laser 
output and its variations ; 

Fig. 4 is a diagram showing a correlation between an 
amount of xenon added to gas for excimer laser and a burst 
characteristic; 

Fig. 5 is a diagram showing a correlation between an 
amount of xenon added to gas for excimer laser and a spike 
characteristic; 

Figs. 6(a) and 6(b) are diagrams showing a relation 
between energy and a burst number, etc. when a burst operation 
is performed by a conventional excimer laser device. 

Description of the Preferred Embodiments 
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An embodiment of the invention will be described with 
reference to the accompanying drawings. 

Fig. 1 is a block diagram showing the structure of the 
excimer laser device used in the embodiment of the invention. 

The excimer laser device shown in Fig. 1 is a device 
which has gas for excimer laser, which is composed of buffer 
gas such as Ne, rare gas such as Ar or Kr, halogen gas such as 
F2 and xenon (Xe) gas, sealed into chamber 10 and excites the 
gas for excimer laser by the electrical discharge across 
discharging electrodes to carry out pulse laser oscillation. 

This excimer laser device has a feature of adding xenon 
gas to the gas for excimer laser instead of preparing the 
excimer laser gas from only buffer gas and halogen gas 
different from a conventional way. The xenon gas was added to 
the gas for excimer laser in order to remedy a burst 
phenomenon and a spiking phenomenon which are caused in the 
excimer laser output. 

The excimer laser device of Fig. 1 has the chamber 10, 
narrow-band making unit 11, partial penetration mirror 12, 
Ar/Ne gas cylinder 13, Ar/F2/Ne gas cylinder 14, Xe gas 
cylinder 15, Xe gas sensor 16, gas exhaust module 17 and gas 
controller 18. 

The chamber 10 is a sealing medium for sealing the gas 
for excimer laser prepared by mixing Ne, Ar, F2 and Xe gases, 
and the narrow-band making unit 11 is a unit for making 
emitted pulse light to have a narrow band and comprises prism 
beam expander and grating (not shown). And, the partial 
penetration mirror 12 is a mirror for making penetration 



output of only a part of the oscillated laser light. 

The Ar/Ne gas cylinder 13 is a gas cylinder for storing a 
mixture gas of argon and neon, the Ar/F2/Ne gas cylinder 14 is 
a gas cylinder for storing a mixture gas of argon, neon and 
fluorine, and the Xe gas cylinder 15 is a compact gas cylinder 
for storing xenon gas. 

The Xe gas sensor 16 is a gas sensor for detecting a 
ratio of xenon gas or the like contained in the gas for 
excimer laser sealed into the chamber 10, and the gas exhaust 
module 17 is a module externally discharging the excimer laser 
gas from the chamber 10. 

The gas controller 18 is a controller which controls 
based on the detection output of the Xe gas sensor 16 the 
supply of Ar/Ne gas from the Ar/Ne gas cylinder 13 to the 
chamber 10, the supply of Ar/F2/Ne gas from the Ar/F2/Ne gas 
cylinder 14 to the chamber 10, the supply of xenon gas from 
the Xe gas cylinder 15 to the chamber 10, and the exhaust of 
the gas for excimer laser by the gas exhaust module 17. 

Thus, this excimer laser device is configured by mounting 
the compact Xe gas cylinder 15 to a conventional excimer laser 
device, detects a ratio of xenon gas by the Xe gas sensor 16, 
and controls the supply of xenon gas from the Xe gas cylinder 
15 to the chamber 10 by the gas controller 18, 

The burst characteristic and the spike characteristic, 
when the excimer laser gas with xenon gas added is used, will 
be described. 

Fig. 2 is a diagram showing an example of the burst 
characteristic and the spike characteristic when the gas for 



excimer laser with xenon gas added is used. In tzhis case, 10 
ppm of xenon gas was added to the gas for excimer laser. 

As shown in Fig, 2(a), where xenon gas is not added (see 
the characteristic indicated at the lower part of the drawing) 
and an energy value of the initial burst is assumed to be 1, 
the burst characteristic is that the energy value becomes 
small as the number of times of burst increases and converges 
to about 40% (0.4) of the initial value. 

On the other hand, where 10 ppm of xenon gas is added 
(see the characteristic indicated at the upper part of Fig, 
2(a)), the number of times of burst until the energy value 
converges is small, and energy which lowers as the number of 
times of burst increases is small. Besides, the energy value 
of each burst where 10 ppm of xenon gas is added is far larger 
than no addition of the xenon gas. 

As described above, when 10 ppm of xenon gas is added, 
the burst characteristic is remarkably improved as compared 
with no addition of the xenon gas. 

As shown in Fig. 2(b), where the xenon gas is not added 
( see the characteristic curve indicated at the lower part of 
the drawing) and an energy value of the initial burst is 
assumed to be 1, the spike characteristic is that the energy 
value becomes small as the number of times of pulsing 
increases and converges to about 40% (0,4) of the initial 
value. Therefore, the pulse in the spike portion can not be 
used practically until the energy converges with the progress 
of the pulse oscillation. 

On the other hand, where 10 ppm of xenon gas is added 
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(see the characteristic curve indicated at the upper part of 
Fig. 2(b)), the spike portion is substantially removed, the 
energy value converges very quick, and deviations (3a) of the 
energy value is greatly improved. And, where 10 ppm of xenon 
gas is added, each pulse energy value is far larger than no 
addition of the xenon gas . 

As described above, the addition of 10 ppm of xenon gas 
greatly improves the spike characteristic as compared with no 
addition of the xenon gas. 

Now, a correlation between an amount of xenon added to 
the gas for excimer laser sealed in the chamber 10 shown in 
Fig. 1 and the energy value of laser output and its variations 
will be described. 

Fig. 3 is a diagram showing a correlation between an 
amount of xenon added to the gas for excimer laser sealed in 
the chamber 10 shown in Fig. 1 and the energy value of laser - 
output and its variations (3a). 

As shown in Fig. 3, where xenon gas is not added, the 
energy value obtained is only about 25% of the maximum output 
obtained when it is added, but the energy value is quickly 
increased by gradually increasing the amount of xenon gas 
added (0 to 10 ppm). 

Specifically, when xenon gas is added in an amount of 0 
to 2 ppm, the output energy is increased rapidly, when it is 
added in a range of 2 to 10 ppm, the output energy is 
substantially flat, and when it is added in an amount of 10 
ppm, the energy value becomes maximum. And, when the added 
amount of xenon gas is further increased, the energy value 



lowers gradually. 

When -the addit:lon of xenon gas Is gradually increased ( 0 
to 10 ppm), the variations (3a) of the energy value are 
decreased, and when its added amount becomes about 10 ppm, the 
variations in the energy value become minimum (about 25%), 
And, when the added amount of xenon gas is continuously 
increased, the variations (3a) are increased. 

In terms of the energy efficiency and the stability of 
energy, the addition of about 10 ppm of xenon gas is most 
efficient. But, even the addition of about 200 ppm of xenon 
gas can improve the energy value and its variations compared 
with no addition of xenon gas. 

The burst characteristic and the spike characteristic 
with variable amounts of xenon added to the gas for excimer 
laser sealed into the chamber 10 of Fig. 1 will be decried 
with reference to Fig. 4 and Fig. 5. 

Fig. 4 is a diagram showing a correlation between the 
amount of xenon added to the gas for excimer laser and the 
burst characteristic . 

As shown in Fig. 4, when xenon gas is not added (0 ppm), 
there is caused a burst characteristic that an output light 
energy value is gradually lowered with the increase of the 
number of times of burst and converges to a certain value. 
When xenon gas of 10 ppm, 20 ppm, 50 ppm or 100 ppm is added, 
the number of times of burst until the output light energy 
converges is decreased. 

When 10 ppm of xenon gas is added, the energy value 
becomes maximum, then the energy value of each burst lowers 
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every time the added amount of xenon gas ±s increased. But, 
even when 100 ppm of xenon gas is added, the energy value of 
each burst is larger than no addition of xenon gas. 

It is seen from the above that the burst characteristic 
is basically improved by adding xenon gas, and the addition of 
about 10 ppm of xenon gas is most efficient. 

Fig. 5 is a diagram showing a correlation between the 
amount of xenon gas added to the gas for excimer laser and the 
spike characteristic . 

As shown in Fig. 5, when xenon gas is not added (0 ppm), 
there is caused a spike characteristic that the energy value 
fl lowers gradually until a pulse exceeds a predetermined level, 
UJ but when the xenon gas of 10 ppm, 20 ppm, 50 ppm or 100 ppm is 
C;i added, the spike characteristic is greatly improved. 
£ And, when 10 ppm of xenon gas is added, the energy value 

h becomes maximum, and the pulse energy value lowers every time , 
S the added amount of xenon gas is increased. But, even when 
T! 100 ppm of xenon gas is added, the pulse energy value is 
larger than no addition of the xenon gas. 

It is seen from the above that the spike characteristic 
is basically improved by adding xenon gas, and the addition of 
about 10 ppm of xenon gas is most efficient. 

As described above, the present embodiment, which is 
configured by mounting the compact Xe gas cylinder 15 to a 
conventional excimer laser device, detects a ratio of xenon 
gas by the Xe gas sensor 16, and controls the supply of xenon 
gas from the Xe gas cylinder 15 to the chamber 10 by the gas 
controller 18, provides the following effects. 
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( 1 ) Burst and spiking phenomena caused in the excimer laser 
output can be lowered. 

(2) The excimer laser output can be stabilized readily 
without involving complex control. 

(3) The excimer laser output can be stabilized with a 
conventional excimer laser device used as a basic structure. 

In the aforesaid embodiment, the Xe gas cylinder 15 and 
the like were added to a conventional excimer laser device. 
But, the present invention is not limited to it and can also 
have a gas cylinder, in which the gas for excimer laser with 
xenon gas added is sealed, and supply the gas for excimer 
laser directly from the gas cylinder to the chamber 10. 



12 



